T (98.69 %). The strain forms an extensively branched substrate mycelium and aerial hyphae that form spiral chains of spores with ridged surfaces. The cell wall contains meso-diaminopimelic acid and the whole-cell sugars are glucose, ribose, galactose, mannose and madurose (madurose as the diagnostic sugar). The N-acyl type of muramic acid is acetyl. The predominant menaquinone is MK-9(H 4 ), with minor amounts of MK-9(H 2 ), MK-9(H 6 ) and MK-9(H 0 ). The polar-lipid profile includes diphosphatidylglycerol, phosphatidylethanolamine, hydroxyphosphatidylethanolamine, phosphatidylmethylethanolamine, hydroxyphosphatidylmethylethanolamine, phosphatidylinositol and a series of uncharacterized phospholipids, glycolipids and phosphoglycolipids. The major cellular fatty acids are iso-C 16 : 0 and 10-methyl C 17 : 0 . The genomic DNA G+C content is 71.2 mol%. Significant differences in the morphological, chemotaxonomic and biochemical data, together with DNA-DNA relatedness between strain ATCC 39727 and closely related type strains, clearly demonstrated that strain ATCC 39727 represents a novel species of the genus Nonomuraea, for which the name Nonomuraea gerenzanensis sp. nov. is proposed. The type strain is ATCC 39727 T (5DSM 100948 T ).
The genus Nonomuraea was proposed by Zhang et al. (1998) as a member of the family Streptosporangiaceae (Kroppenstedt et al., 1990; Stackebrandt et al., 1997) ; the genus name was corrected from the original spelling Nonomuria to Nonomuraea by Chiba et al. (1999) . Members of the genus Nonomuraea are aerobic, Gramstaining-positive, non-acid-fast, non-motile actinomycetes that can form extensively branched substrate and aerial mycelia. The aerial hyphae differentiate into hooked, spiral or straight chains of spores, or form a single spore, which shows a folded, irregular, smooth or warty ornamentation (Kämpfer et al., 2005; Quintana et al., 2003; Zhang et al., 2014a; Zhao et al., 2011) .
The genus Nonomuraea was characterized chemotaxonomically by the presence of meso-diaminopimelic acid in the cell wall, madurose as a characteristic sugar in the whole-cell hydrolysates (wall chemotype IIIB sensu Lechevalier & Lechevalier, 1970) , di-, tetra-and hexahydrogenated menaquinones with nine isoprene units as predominant isoprenologues (Nonomura & Ohara, 1971; Quintana et al., 2003; Zhang et al., 1998) and major amounts of diphosphatidylglycerol, hydroxylated phosphatidylethanolamine, uncharacterized glycolipids and a glucosamine-containing phospholipid (phospholipid type IV sensu Lechevalier & Lechevalier, 1970) . The type species of the genus is Nonomuraea pusilla (Nonomura & Ohara, 1971) . At the time of writing, the genus comprises 36 species with validly published names, including the recently described Nonomuraea syzygii (Rachniyom et al., 2015) , Nonomuraea muscovyensis (Ozdemir- Kocak et al., 2014) and Nonomuraea fuscirosea (Zhang et al., 2014a) , and two subspecies. Members of the genus Nonomuraea are widespread in nature, and have been isolated from a wide range of natural habitats such as soils, including terrestrial and mangrove rhizospheric soil, as well as from marine and river coastal sediments, caves and plants (leaves) (Ara et al., 2007; Camas et al., 2013; Cao et al., 2012; Li et al., 2011 Li et al., , 2012 Nakaew et al., 2012; Qin et al., 2009; Wang et al., 2011 Wang et al., , 2013 Wang et al., , 2014 Xi et al., 2011; Zhang et al., 2014a, b; Zhao et al., 2011) . Some novel species have also been isolated from soils from Thailand, namely Nonomuraea monospora (Nakaew et al., 2012) and Nonomuraea thailandensis (Sripreechasak et al., 2013) . Moreover, some species have been found as endophytes, such as Nonomuraea antimicrobica (Qin et al., 2009 ) and Nonomuraea endophytica .
In the course of a screening programme for discovering novel glycopeptide antibiotics (Goldstein et al., 1987) , strain ATCC 39727 was isolated from a soil sample collected in India. It produces the glycopeptide antibiotic A40926 (Goldstein et al., 1987) , which is the natural precursor of the antibiotic dalbavancin (trade name Dalvance), which was approved recently (May 2014) by the US Food and Drug Administration for treating acute bacterial skin and skin structure infections . The A40926-producing strain was originally classified as a member of the genus Actinomadura (Goldstein et al., 1987) on the basis of morphology and cell-wall composition, and later assigned to the genus Nonomuraea on the basis of 16S rRNA gene sequence analysis (Monciardini & Sosio, 2004) . According to a recent review on the genus Nonomuraea (Sungthong & Nakaew, 2015) , strain ATCC 39727 is still considered a poorly taxonomically characterized strain, notwithstanding its pharmaceutical relevance as the producer of A40926 Marcone et al., 2010 Marcone et al., , 2014 . In this study, we performed a polyphasic taxonomic analysis of strain ATCC 39727, and propose that it represents a novel species of the genus Nonomuraea.
Although strain ATCC 39727 was isolated in the 1980s (Goldstein et al., 1987) , to our knowledge, the protocol for isolating strains of Nonomuraea based on novobiocin resistance has not been described in detail previously, and is therefore given below. More recently, antibiotic cocktails have been added to media used for isolating members of the genus Nonomuraea (Li et al., 2012; Wang et al., 2011) . Interestingly, Nonomuraea dietziae can hydroxylate novobiocin, reducing its antimicrobial efficacy (Stackebrandt et al., 2001) .
For the isolation of strain ATCC 39727, 1 g soil dried at 100 8C for 10 min was suspended in 10 ml water containing 100 mg novobiocin ml 21 and shaken vigorously before being centrifuged at 4000 g for 5 min. The supernatant was then serially diluted in water containing 100 mg novobiocin ml 21 and spread onto plates of colloidal chitin-agar medium (Hsu & Lockwood, 1975) supplemented with 50 mg actidione and 25 mg nystatin ml
21
, and containing increasing novobiocin concentrations (from 5 to 50 mg ml
). Colonies of actinomycetes appeared on the agar after incubation at 28 8C for 2-3 weeks. Colonies of strain ATCC 39727 were isolated from agar plates containing 10 mg novobiocin ml 21 after 2 weeks of incubation at 28 8C and transferred, using sterile toothpicks, to plates of ISP 3 medium (Shirling & Gottlieb, 1966) . The pure culture was stored as 20 % (v/v) glycerol suspensions at 220 8C and as lyophilized cells for long-term preservation.
Genomic DNA of strain ATCC 39727 was extracted as described previously (Kieser et al., 2000) . PCR amplification of the 16S rRNA gene, purification of the PCR product and sequencing were done following previously published procedures (Monciardini & Sosio, 2004) . The 16S rRNA gene sequence of strain ATCC 39727 was compared with corresponding sequences of the type strains available in the EzTaxon-e server (Kim et al., 2012) to determine the pairwise 16S rRNA gene sequence similarity between strain ATCC 39727 and strains of related species; 16S rRNA gene sequence similarities between strains were calculated on the basis of pairwise alignment. A multiple sequence alignment of strain ATCC 39727 and other related taxa was performed by using CLUSTAL W version 2.0 (Larkin et al., 2007) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) algorithms by MEGA software version 6.0 (Tamura et al., 2013) . Topology of phylogenetic trees was evaluated with bootstrap analysis based on 1000 resamplings (Felsenstein, 1985) , to determine the confidence values of branches of the phylogenetic tree. A distance matrix was generated using Kimura's two-parameter model (Kimura, 1980) . All positions containing gaps and missing data were eliminated from the dataset.
Comparison of the almost-complete 16S rRNA gene sequence (1459 nt) of strain ATCC 39727 with those of type strains of related species with validly published names by using the EzTaxon-e server indicates that strain ATCC 39727 is a member of the genus Nonomuraea. T (98.01 %; 29/1459). Levels of 16S rRNA gene sequence similarity to the type strains of other species of the genus Nonomuraea were lower than 98 %. The neighbour-joining phylogenetic tree ( Fig. 1 ) based on 16S rRNA gene sequences shows that strain ATCC 39727 forms a phyletic line (a distinct branch) with its closest neighbour N. jabiensis A4036 T , an association that is supported by a bootstrap value of 54 %. The neighbourjoining tree is in agreement with the maximum-likelihood tree, where strain ATCC 39727 forms a close phyletic line with N. jabiensis A4036 T (Fig. S1 , available in the online Supplementary Material).
The morphological characteristics of strain ATCC 39727 were observed by light (Zeiss Primo Star) and scanning electron (SEM-FEG XL-30; Philips) microscopy using cultures grown on ISP 3 medium at 28 8C for 14 and 21 days. Cultural characteristics of strain ATCC 39727 in parallel with those of N. angiospora DSM 43173 T and N. jabiensis DSM 45507 T (5A4036 T ) were determined after incubation at 28 8C for 21 days on various ISP media (Shirling & Gottlieb, 1966) with the addition of several media recommended by Waksman (1961) . The agar media used for morphological and cultural studies were: yeast extract-malt extract agar (ISP 2), oatmeal agar (ISP 3), inorganic salts-starch agar (ISP 4), glycerol-asparagine agar (ISP 5), peptone-yeast extract-iron agar (ISP 6), tyrosine agar (ISP 7), nutrient agar (NA) and modified Bennett's agar (MBA). Colours were determined according to Maerz & Paul (1950) . The ranges of temperature (5-50 8C), pH (pH 4-11) and NaCl concentration (1-7 %, w/v) for growth of strain ATCC 39727 was examined on Hickey-Tresner's agar plates for 14-21 days. Carbon source utilization was tested using carbon source utilization (ISP 9) medium (Shirling & Gottlieb, 1966) supplemented with a final concentration of 1 % of the tested carbon source (unless indicated otherwise). Starch hydrolysis was checked on ISP 4 medium. Reduction of nitrate was observed using nitrate broth (Difco). Gelatin liquefaction was evaluated on glucose-peptone-gelatin medium (2.0 % glucose, 0.5 % peptone, 20 % gelatin, pH 7.0). Coagulation and peptonization of milk were assayed in 10 % (w/v) skimmed milk broth (Difco). Production of H 2 S and melanin pigment were determined on ISP 6 and ISP 7 media, respectively. Degradation of various compounds was examined using MBA according to Goodfellow et al. (1979) .
The morphological and cultural characteristics of strain ATCC 39727 are consistent with those of members of the genus Nonomuraea. As described in Table 1 , strain ATCC 39727 showed good growth on ISP 2, ISP 3, ISP 7, NA and MBA and moderate growth on ISP 4, ISP 5 and ISP 6. Strain ATCC 39727 formed an extensively flexuous and branched substrate mycelium. The colour of the substrate mycelium varied from brown to amber and orange according the medium used. Characteristic of the strain is the burgundy colour of the diffusible pigment in liquid culture. Melanoid pigments were not produced on ISP 7 medium. The aerial mycelium was well developed only on ISP 3 and it was whitish. Aerial hyphae formed spirals containing 10 to 20-30 spores (Fig. 2a) with ridged surfaces, globular-cylindrical in shape with a mean size of 0.861.2 mm (Fig. 2b, c) .
Strain ATCC 39727 tolerated temperatures ranging from about 22 to 40 8C with an optimum at 28-37 8C. Above 45 8C, no growth was observed, while growth was very scant and low at 20 8C. The strain grew at pH 6-10. As for other species of Nonomuraea, strain ATCC 39727 tolerated relatively high concentrations of NaCl (Table 2) . Cellulose decomposition, coagulation of milk, solubilization of calcium malate and starch hydrolysis were negative. Production of hydrogen sulfide was positive with lead acetate strips, while it was negative on ISP 6 medium. Other cultural characteristics of strain ATCC 39727 that differentiate it from closely related species are reported in Table 2 .
For a comparative analyses of antibiotic production, strain ATCC 39727 and the closest strains N. angiospora DSM 43173 T and N. jabiensis DSM 45507 T were cultivated in E26 and FM2 media, which were previously optimized for glycopeptide production (Beltrametti et al., 2004; Marcone et al., 2010 Marcone et al., , 2014 . The strains were grown for 168 h on a rotary shaker at 200 r.p.m. and 28 8C. Cultures were sampled every 24 h. Biomass was measured as dry weight after harvesting the mycelium by centrifugation for 10 min at 4000 g and then dehydrating the pellet for 24 h in a 50 8C oven. The glycopeptide antibiotic A40926 was extracted by mixing 1 vol. culture and 1 vol. borate buffer (100 mM H 3 BO 3 , 100 mM NaOH, pH 12). Samples were then centrifuged (16 000 g for 15 min) and incubated for 1 h at 55 8C. The glycopeptide-containing supernatant was filtered through a Durapore membrane filter (0.45 mm) (Millipore) and analysed by HPLC as reported previously (Beltrametti et al., 2004; Marcone et al., 2010 Marcone et al., , 2014 .
As shown in Fig. S2(a) , N. angiospora DSM 43173 T and N. jabiensis DSM 45507 T grew in the production medium optimized previously for strain ATCC 39727 (to lesser extents in comparison with strain ATCC 39727), but they did not produce any traces of the antibiotic A40926. In contrast, a significant amount of this glycopeptide antibiotic was detectable from cultures of strain ATCC 39727 (Fig. S2b) .
Biomass for chemotaxonomic study was prepared by growing strain ATCC 39727 in ISP 2 broth (Shirling & Gottlieb, 1966) at 200 r.p.m. for 5 days at 28 8C; cells were harvested by centrifugation, washed twice in distilled water, recentrifuged and freeze-dried. Whole-cell amino acids and sugars were prepared according to Lechevalier & Lechevalier (1970) and analysed by TLC (Staneck & Roberts, 1974) . The structure of the uridinediphospho-linked peptidoglycan precursor was analysed by LC-MS as described previously (Marcone et al., 2010 . The presence of mycolic acids was checked by the method of Minnikin et al. (1980) . Isoprenoid quinones were extracted and purified using the methods of Collins et al. (1977) and analysed by HPLC (Kroppenstedt, 1982) . Polar lipids and fatty acids were extracted and analysed by the Identification Service of the Leibniz-Institut DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany). Analyses of polar lipids were conducted according to Tindall et al. (2007) . For the extraction of whole-cell fatty acids, cells were grown in trypticase soy broth at 200 r.p.m. for 5 days at 28 8C. After harvesting by cellulose membrane filtration (0.45 mm), the wet biomass was extracted using minor modifications (Kuykendall et al., 1988) of the method of Miller (1982) . Analyses were carried out as described by Kroppenstedt et al. (1990) and fatty acid methyl ester peaks were separated by the Microbial Identification System (MIDI; Microbial ID, Inc.) and analysed using the TSBA database, version 4.0.
Strain ATCC 39727 contained meso-diaminopimelic acid (cell wall type III; Lechevalier & Lechevalier, 1970) as the cell-wall diamino acid and the whole-cell sugars were glucose, ribose (major components), galactose, mannose and madurose (type B; madurose as the diagnostic sugar). The N-acyl type of muramic acid was acetyl (Marcone et al., 2010 . Mycolic acids were not detectable. As shown in Fig. S3 , the polar lipids were diphosphatidylglycerol, phosphatidylethanolamine, hydroxyphosphatidylethanolamine, phosphatidylmethylethanolamine, hydroxyphosphatidylmethylethanolamine, phosphatidylinositol, two uncharacterized phospholipids, three uncharacterized glycolipids and five uncharacterized phosphoglycolipids. The predominant menaquinone of the strain was MK-9(H 4 ) (68 %), while minor amounts of MK-9(H 2 ) (7.5 %), MK-9(H 6 ) (7 .0 %) and MK-9(H 0 ) (2.4 %) were also detectable. The major cellular fatty acids were iso-C 16 : 0 (28.3 %) and 10-methyl C 17 : 0 (27.5 %), followed by iso-C 16 : 0 2-OH (13.4 %).
The minor fatty acids are reported in Table S1 .
The DNA G+C content of strain ATCC 39727 was determined by the Identification Service of the Leibniz-Institut DSMZ using the following procedure. Cells were disrupted with a Constant Systems TS 0.75 kW (IUL Instruments) and DNA was purified on hydroxyapatite according to Cashion et al. (1977) . The DNA was hydrolysed with P1 nuclease and the nucleotides were dephosphorylated with bovine alkaline phosphatase (Mesbah et al., 1989) . The resulting deoxyribonucleosides were analysed by HPLC (Tamaoka & Komagata, 1984) . Lambda DNA and three DNAs with published genome sequences representing a G+C range of 43-72 mol% were used as standards. DNA G+C contents were calculated from the ratio of deoxyguanosine and thymidine according to the method of Mesbah et al. (1989) .
The G+C content of the DNA of strain ATCC 39727 was 71.2 mol%.
According to phenotypic and genotypic results, strain ATCC 39727 is different from the type strains of closely related species. To confirm this, DNA-DNA hybridization between strain ATCC 39727 and the closest strains N. angiospora DSM 43173 T and N. jabiensis DSM 45507 T was determined by the Identification Service of the Leibniz-Institut DSMZ. Cells were disrupted by using a Constant Systems TS 0.75 kW (IUL Instruments) and the DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out as described by De Ley & Tijtgat (1970) under consideration of the modifications described by Huss et al. (1983) using a model Cary 100 Bio UV/Vis spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with in-situ temperature probe (Varian). DNA-DNA relatedness values were examined from two independent determinations. Strain ATCC 39727 showed DNA-DNA relatedness of 10.5¡0.14 % to N. angiospora DSM 43173 T and 20.3¡2.6 % to N. jabiensis DSM 45507
T : both values are clearly below the 70 % threshold value for the definition of bacterial species (Wayne et al., 1987) .
On the base of the data from our polyphasic study, strain ATCC 39727 differs from closely related species of the genus Nonomuraea; therefore, strain ATCC 39727 represents a novel species, for which the name Nonomuraea gerenzanensis sp. nov. is proposed.
Description of Nonomuraea gerenzanensis sp. nov.
Nonomuraea gerenzanensis (ge.ren.za.nen9sis. N.L. fem. adj. gerenzanensis of or belonging to Gerenzano, Italy, the site where glycopeptide production by strain ATCC 39727 was mostly studied and dalbavancin was initially developed).
Aerobic, Gram-stain-positive, non-motile actinomycete that forms extensively branched, brown, amber to orange substrate mycelium that bears white aerial hyphae on ISP 3. Aerial mycelium forms spiral chains of spores with ridged surfaces. Characteristic is the burgundy colour of the diffusible pigment produced in liquid culture. Melanoid pigment is not produced on ISP 7 medium. Growth occurs at pH 6.0-10.0 and 22-40 uC. No growth occurs above 45 uC or below 20 uC; optimal growth occurs at 28-37 uC. The NaCl tolerance range for growth is up to 3 % (w/v) NaCl. Nitrate reduction, gelatin liquefaction, degradation of casein, elastin and L-tyrosine and production of hydrogen sulfide are positive; cellulose decomposition, coagulation of milk, solubilization of calcium malate and starch hydrolysis are negative. Production phosphatidylinositol, two uncharacterized phospholipids, three uncharacterized glycolipids and five uncharacterized phosphoglycolipids. The major cellular fatty acids are iso-C 16 : 0 and 10-methyl C 17 : 0 , followed by iso-C 16 : 0 2-OH.
The type strain, ATCC 39727 T (5DSM 100948 T ), was isolated from a soil sample collected in India and identified as a glycopeptide producer during a screening programme for discovering novel antibiotics. The G+C content of the genomic DNA of the type strain is 71.2 mol%.
